The chemical composition, antibacterial and α-glucosidase inhibitory activities of the essential oils obtained from hydrodistillation of the fresh stem and leaf of Neolitsea coccinea B. C. Stone are reported for the first time. GC and GC-MS analysis revealed the presence of 42 volatile compounds from the stem and leaf oils, accounting for 84.9% and 90.4%, respectively of the identified components. The principle compounds in the stem oil were -cadinene (21.2%), 1-epicubenol (11.3%) and cyperotundone (10.7%), while the main compounds in the leaf oil were selin-11-en-4-α-ol (26.8%), bicyclogermacrene (12.6%), eudesmol (7.1%), germacrene D (6.1%) and globulol (5.9%). The leaf oil demonstrated moderate to weak antibacterial activity towards Bacillus subtilis and Staphylococcus aureus with MIC values of 250 μg/mL and 500 μg/mL, respectively, whereas the stem oil possessed weak antibacterial activity against B. subtilis with a MIC value of 500 μg/mL. The stem and leaf oils showed significant α-glucosidase inhibitory activity with IC 50 values of 32.2 ± 0.8 μg/mL and 70.9 ± 1.1 μg/mL, respectively.
Neolitsea is a genus of evergreen shrubs and small trees belonging to the Laurel family, Lauraceae. Approximately 100 species of the genus are found mainly in tropical regions of Asia [1] and some species are distributed in America [2] , Australia and Malaysia [3] . A number of Neolitsea species, such as N. zeylanica [4] and N. aurata [5] , are used traditionally for treating various illnesses. A few Neolitsea species, for example N. sericea, are cultivated as ornamental trees in public gardens due to their graceful shape and religious connotations [6] . Most of the essential oils of Neolitsea are dominated by sesquiterpenes [6] [7] [8] [9] [10] [11] [12] [13] , but several species contain high amounts of monoterpenes [3, 8, 14] . Neolitsea essential oils demonstrated a variety of biological activities, including antiinflammatory [6, 7] , antibacterial [7] [8] [9] [10] , anti-fungal, anti-wooddecay fungal [11] and anticancer [14] . To the best of our knowledge, there is no report on either the chemical composition or the bioactivity of N. coccinea B. C. Stone, which is endemic to Malaysia. Hence, here we report on the chemical composition, antibacterial and α-glucosidase inhibitory activities of its stem and leaf essential oils.
Extraction of the fresh stem and leaf of N. coccinea by hydrodistillation gave pale amber (0.35 g, 0.09%) and yellow oils (0.12 g, 0.03%), respectively. Analysis by GC and GC-MS successfully detected 23 and 30 compounds comprising 84.9% and 90.4% of the total oils from the stem and leaf oils, respectively. The identified compounds are listed in Table 1 . The stem and leaf oils were characterized by the presence of high amounts of sesquiterpenes, which contributed 84.9-89.8% of the total oils. The stem oil consisted of 17 sesquiterpene hydrocarbons (50.2%) and six oxygenated sesquiterpenes (34.7%), while the leaf oil contained 20 sesquiterpene hydrocarbons (36.2%) and eight oxygenated sesquiterpenes (53.6%). An oxygenated monoterpene, terpinene-4-ol (0.5%), and an alcohol, (3Z)-hexenol (0.1%), were also present in the leaf oil. -Cadinene (21.2%), 1-epi-cubenol (11.3%) and cyperotundone (10.7%) were the main compounds in the stem oil, whereas selin-11-en-4-α-ol (26.8%), bicyclogermacrene (12.6%), eudesmol (7.1%), germacrene D (6.1%) and globulol (5.9%) were found to be the principle compounds in the leaf oil. Among the 42 different compounds found in the stem and leaf oils, nine sesquiterpene hydrocarbons and two oxygenated sesquiterpenes were found in both oils, but with different percentages. They were -elemene, -cubebene, -copaene, -elemene, -cis-bergamotene, β-caryophyllene, α-humulene, germacrene D, trans-cadina-1,4diene, 1-epi-cubenol and -cadinol. Twelve compounds, namely cubebene, -trans-bergamotene, cis-muurola-3,5-diene, rotundene, trans-cadina-1(6),4-diene, trans-muurola-4 (14) ,5-diene, αmuurolene, -cadinene, elemol, gleenol, α-cadinol and cyperotundone were not detected in the leaf oil. A total of 19 compounds were found to be absent in the stem oil. The compounds were identified as (3Z)-hexenol, terpinene-4-ol, isoledene, βcopaene, -elemene, aromadendrene, trans-muurola-3,5-diene, βselinene, bicyclogermacrene, (E),(E)-α-farnesene, -amorphene, αcalacorene, germacrene B, globulol, viridiflorol, rosifoliol, eudesmol, selin-11-en-4-α-ol and eudesm-7(11)-en-4-ol.
-Cadinene (21.2%) and selin-11-en-4-α-ol (26.8%), the major compounds in the stem and leaf oils, were also reported as the major compounds in the stem (10.2%) and leaf (14.8%) oils of N. fischeri, respectively [10] . On the other hand, the percentage of bicyclogermacrene in the leaf oil of N. coccinea (12.6%) was almost identical to that of the leaf oils of N. australiensis (12.0-16.0%), N. brassii (11.0-15.0%) and N. dealbata (3.0-35.0%) [13] . The amount of 1-epi-cubenol (11.3%) in this stem oil was the highest compared with other Neolitsea oils, i.e. N. fischeri (leaf, NPC Natural Product Communications 2016 Vol. 11 No. 12 1899 -1902 Table 1 : Chemical compositions of the stem and leaf oils of N. coccinea. bark and fruit) [10] , N. parvigemma (leaf) [11] and N. variabillima (leaf) [14] , which only consisted of 0.7-3.6%. -Eudesmol (7.1%) and globulol (5.9%), the main compounds in this leaf oil, were present as minor compounds in the oils of N. fischeri (leaf, bark and fruit) [10] , N. parvigemma (leaf) [11] and N. variabillima (leaf) [14] . The concentration of germacrene D (6.1%) in the leaf oil was lower compared with the leaf oil of N. pallens (12.7%) [12] . Our study also revealed the presence of eight sesquiterpenes identified as cyperotundone, α-cis-bergamotene, α-trans-bergamotene, rotundene, -amorphene, gleenol, rosifoliol and eudesm-7(11)-en-4ol for the first time in Neolitsea oils.
In order to observe the bioactivities of the stem and leaf oils of N. coccinea, the antibacterial activity against two Gram-positive bacteria (Staphylococcus aureus and Bacillus subtilis) and two Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia coli), as well as α-glucosidase inhibition activity were carried out ( Table 2 ). The leaf oil showed moderate to weak antibacterial activity against the Gram-positive bacteria, B. subtilis and S. aureus with MIC values of 250 μg/mL and 500 μg/mL, respectively. However, this oil was not active against the Gram-negative bacteria. On the other hand, the stem oil displayed only weak activity against B. subtilis, with an MIC value of 500 μg/mL. The MIC values of the leaf oil against Gram-positive bacteria was lower compared with the stem oil due to the presence of a high percentage of oxygenated sesquiterpenes (53.6%), along with an oxygenated monoterpene, terpinene-4-ol (0.5%) and an alcohol, (3Z)-hexenol (0.1%). This result is consistent with a previous report which indicated that the antimicrobial action of oxygenated terpenes having functional groups such as hydroxyl and carbonyl is usually stronger than that of non-oxygenated terpenes [15] .
The α-glucosidase inhibitory activity of the stem and leaf oils of N. coccinea are presented in Table 2 . Both oils displayed a significant difference (p < 0.05) compared with quercetin as standard positive control. The stem and leaf oils both possessed significant inhibition against α-glucosidase with IC 50 values of 32.2 ± 0.8 μg/mL and 70.9 ± 1.1 μg/mL, respectively. However, these values were slightly higher than that of the standard positive control, quercetin (5.1 ± 0.1 μg/mL), probably due to the lower concentration of monoterpenoids. This finding is consistent with a previous report which revealed that some monoterpenoids in the essential oil of Laurus nobilis inhibited α-glucosidase [16] . 
Extraction of the essential oils:
The fresh stem and leaf (380 g and 470 g) of N. coccinea, respectively were cleaned, chopped into small pieces, and then submitted to hydrodistillation using a Dean-Stark apparatus for 8 h each. The distillates were extracted with diethyl ether (3 x 10 mL) followed by drying over anhydrous magnesium sulfate. Filtration and removal of the diethyl ether yielded the stem oil (0.35 g, 0.09%) with a pale amber color and the leaf oil (0.12 g, 0.03%) with a yellow color. The yields of these oils were based on the fresh weight.
Analysis of the essential oils:
Quantitative gas chromatographic (GC) analysis was performed on a Shimadzu GC-2010 Plus gas chromatograph equipped with a flame ionization detector (FID) and fitted with a CBP-5 (30 m x 0.25 mm; 0.25 μm film thickness) capillary column. The oven temperature was programmed from 60°C (10 min) to 230°C at a rate of 3°C/min. Injector and detector temperatures were set at 220°C and 280°C, respectively. Helium was used as carrier gas and the injection volume of oil was 1.0 μL. The peak areas and retention times were measured by electronic integration. The qualitative gas chromatography-mass spectrometry (GC-MS) analysis was carried out on an Agilent GC-MS 7890A/5975C Series MSD (70 eV direct inlet) equipped with a HP-5MS fused silica capillary column (30 m x 0.25 mm; 0.25 μm film thickness). The column and injector temperatures were the same as those for GC. The mass range was 50-550 in the full scan mode with a rate of 2.91 scans/sec. The total scan time was 67.7 min.
Essential oils of Neolitsea coccinea
Natural Product Communications Vol. 11 (12) 2016 1901
Component identification:
The individual components of the oils were identified by comparing their Kovats indices (KI) with literature values [17, 18, 19] and also confirmed by matching their mass spectral data with those from the Wiley, HPCH 2205.L and NIST05a.L mass spectral databases. The Kovats indices of the components were determined relative to the retention times of a series of n-alkanes (C 8 -C 30 ). The relative proportions of the components are expressed as percentages obtained by peak-area normalization, with all relative response factors being taken as one.
Antibacterial activity:
The antibacterial activity of the essential oils were tested against two Gram-positive bacteria, Staphylococcus aureus (ATCC 29737) and Bacillus subtilis (ATCC 6633) as well as two Gram-negative bacteria, Pseudomonas aeruginosa (ATCC 9027) and Escherichia coli (ATCC 10536). Bacterial strains stock cultures were kept and maintained on nutrient agar at 4C until use. The bacterial strains were sub-cultured onto a fresh agar plate for 16 h prior to antibacterial test. Inocula were prepared by transferring several single colonies of bacteria to a sterile nutrient broth. The bacterial suspension was grown at 37C in a shaking incubator to give a concentration of 10 8 Colony Forming units/mL (CFU/mL), which was equivalent to a 0.5 McFarland turbidity standard. The concentration of bacteria was confirmed by measuring the optical density using an UV spectrophotometer at a wavelength of 600 nm [20] .
Minimum inhibition concentration (MIC) was performed by the broth micro dilution method with some modifications [21, 22] . The essential oils were dissolved in DMSO to obtain a stock concentration of 20 mg/mL. The stock solution was further diluted using sterile nutrient broth in ten-folds to obtain working concentration of 2 mg/mL. The working solution (50 μL) was then pipetted into microplate wells in rows A and B. Sterile nutrient broth supplemented with 0.02%, v/v, Tween 80 (50 μL) was added to each microplate well from row B to H. Then, the mixture of the essential oils and broth in row B (50 μL) was transferred to each microplate well in order to acquire a twofold serial dilution of essential oils (1000 to 7.81 μg/mL). Finally, 50 μL of bacterial suspension (10 8 CFU/mL) was added to each well. A number of wells were reserved for sterility control, inoculum viability and DMSO inhibitory effect. Streptomycin sulfate (0.1 mg/mL) was used as a standard positive control and was subjected to serial twofold dilution to obtain concentrations of 100 to 0.78 μg/mL. The final volume in each well was 100 L, except for the sterility control which was 50 L. Each sample was tested in triplicate. The plates were covered and sealed with parafilm and placed in an incubator set at 37C for 24 h. Bacterial growth was indicated by adding 25 μL of 0.2 mg/mL p-iodonitrotetrazolium chloride (INT)
to each well and the plates were then incubated at 37C for at least 30 min. Bacterial growth in the wells was detected by a reddishpink color, while a clear color showed inhibition of bacterial growth by the tested essential oils. MIC values were defined as the lowest concentrations of essential oils showing clear wells [21, 22] .
α-Glucosidase inhibition assay:
The inhibition of α-glucosidase activity was determined as previously described, with minor modifications [23] . Briefly, 10 μL of essential oil with concentrations of 1000, 500, 250, 125, 62.5, 31.3, 15.6 and 7.81 μg/mL in 130 μL of 30 mM phosphate buffer (pH 6.5) containing 5% DMSO was mixed with 10 L of α-glucosidase enzyme solution [from yeast maltase, 2 U/mL in 50 mM phosphate buffer (pH 6.5)]. After preincubating at 37C for 20 min in the dark, 50 μL of p-nitrophenyl-α-D-glucopyranoside (PNPG) [1 mM PNPG in 50 mM phosphate buffer (pH 6.5)] was added as a substrate to the mixture and incubated at 37 C for another 20 min in the dark. Fifty μL of 2 M glycine (pH 10) was then added to each well to terminate the reaction. The absorbance of the yellow color produced due to the formation of p-nitrophenol released from PNPG was recorded at 405 nm. Quercetin with concentrations of 100 to 0.78 μg/mL was employed as the standard positive control due to its effectiveness as an α-glucosidase inhibitor both in vitro and in vivo [24, 25] . The percentage of inhibition was calculated as follows:
% Inhibition = [(A Control -[A Sample -A Blank sample ]) /A Control ] x 100%
where A Sample represents the absorbance of the reaction mixture of the essential oil, A Blank sample represents the absorbance of the reaction mixture containing all reagents except enzyme, and A Control represents the absorbance of the reaction mixture containing all reagents except the essential oil. The concentration of the essential oil required to inhibit 50% of α-glucosidase activity was defined as the IC 50 value, which was determined using Graphpad prism 5. The assay was carried out in triplicate and the IC 50 data were expressed as mean ± standard deviation. The Independent t-test was performed using SPSS software (version 16.0) and data at p < 0.05 were considered significant.
